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then 


6000 


= 6557 psi (45.2 N/mm 2 ) 


" ~ e -88.39X0.001 
The sonic velocity in steel is 

~ f 28 X 10 6 \ 1/2 , 

G = ( ) = 195,847 in./sec 

\ 0.00073 J ' 

Therefore the distance traveled by the wave front is 

0.001 X 195,847 = 195.8 in. 


or 


195.8 
28 x 12 


0.58L 


where L denotes the length of the cylinder. ♦ 


AXIAL AND RADIAL MODES OF ELEMENTARY 
STRUCTURES 

A continuous elastic system can be simplified for the purpose of dynamic analysis if 
its mass can be lumped together at a particular central point and when its rigidity 
is represented by a mechanical spring. In the literature, this approach is referred 
to as a lumped mass-spring model , and it permits computation of the response of a 
structure to a specific input of acceleration-time history. The general consequence of 
the lumped parameter simplification is the development of a working formula for the 
calculation of the fundamental frequency. Since the mass density and the modulus 
of elasticity of the structure material always enter the formulation of the vibrational 
problem, reference to Eq. (16.2) indicates that the final formulas can be expressed 
in terms of the sonic velocity of a given material. This can be accomplished quite 
independently of the type of the vibrational response, be that longitudinal or purely 
radial response. In the case of simple shells, for instance, we often talk about the 
breathing mode. This mode implies radial expansion and contraction cycles of, 
say, a cylindrical component at a specific fundamental frequency dependent on the 
dimensional proportions and the physical properties of the material. 

To assist with the choice of the first modes of dynamic response, the funda¬ 
mental frequencies of several common structures are given in Table 16.2 in terms of 
the characteristic dimensions and the sonic velocity of the material. The formulas 
for cylinders and spheres define the breathing modes [94, 95]. 

The equations compiled in Table 16.2 may be utilized in the following design 
situations: 

1. In the field of machines and structures a forced frequency of external loading 
may be coinciding with the natural frequency of a particular mechanical 
component. Such external excitation can push the component at the right 



